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In this paper the impact of various agglomerative forces on employment growth in Ghanaian manufacturing is investigated, using data from two firm censuses, as well as population census and trade data. The study is the first to use nationally representative firm data that covers the formal and informal economy to investigate the impact of agglomerative forces on employment growth in an African economy. African economies are rapidly urbanizing, but this has not been accompanied by growth in manufacturing.
A lack of agglomeration economies is one possible explanation for slow manufacturing growth and the attendant premature deindustrialization. The paper follows Combes (2000) in examining the importance of agglomeration economies on employment growth in Ghanaian manufacturing, finding that there is no evidence that population density is associated with faster employment growth. Other agglomeration economies do seem to play a role, although not always in the manner anticipated. This paper is a product of the Office of the Chief Economist, Africa Region, commissioned as part of the 'Industrialization for Jobs in Africa' regional study. It is part of a larger effort by the World Bank to provide open access to its research and make a contribution to development policy discussions around the world.. It is part of a larger effort by the World Bank to provide open access to its research and make a contribution to development policy discussions around the world. Policy Research Working Papers are also posted on the Web at http://www.worldbank.org/prwp. The corresponding author may be contacted at andrew.kerr@uct.ac.za.
Introduction
Recent GDP growth in many African countries has been impressive. But this growth has partially been driven by high commodity prices. To avoid a reliance on high global commodity prices policy makers thus wish to diversify away from commodities and into manufacturing, following the path of East Asian countries. But Rodrik (2016) has argued that African economies have experienced premature deindustrialization, a peaking of manufacturing shares at levels of GDP much below other countries experienced as they transformed from agriculture to manufacturing to services-based economies. The phenomenon of premature deindustrialization is not a foregone conclusion, and thus it is still important to examine potential opportunities for manufacturing growth in Africa.
A number of challenges to manufacturing growth in Africa exist. The traditional explanations include bad business and investment climates, lack of access to credit and resulting low levels of investment. Explanations for the more recently discussed phenomenon of premature deindustrialization include that is has become difficult to industrialize for those countries late to the process, for example because of first mover advantages, the increasing sophistication of manufacturing and the extent of global value chains in which buyers have substantial market power (World Bank, 2018) . High relative labor costs are also an important contributor to a lack of competitiveness of manufacturing in subSaharan African (Ceglowski et al 2015) .
One further potential explanation for low manufacturing growth and premature deindustrialization that has not been much explored is that African firms have been unable to take advantage of the benefits of agglomeration that come with urbanization (Jedwab, 2013) , or that these benefits are much lower in African economies than elsewhere in the developing world (Collier et al 2018) .
Agglomeration effects are the benefits that accrue from firms being located close to other firms and workers, and these represent a potentiality important externality that policy makers may be interested in encouraging (Combes and Gobillion, 2015) . Agglomeration effects include physical spillovers, where transport costs for a firm are lowered by the presence of another firm, intellectual spillovers, flows of ideas across firms or industries, or labor market pooling, where workers choose to locate in areas with high concentrations of firms. In this paper we look for the effects of various forms of agglomeration economies for Ghanaian manufacturing, since the lack of such economies is one possible explanation for premature industrialization (Collier et al, 2018 , Jedwab, 2013 .
To undertake this analysis this we use data from two firm censuses collected by the Ghana Statistical Service (GSS). These are the National Industrial Census (NIC) of 2003 and the Integrated Business Establishment Survey (IBES) of 2014. We create a district-industry panel using 110 districts and 13 industries and examine how district, industry and district-industry characteristics affect employment growth. We also merge into the industry-district panel data from the population census, spatial information about each district and administrative data on imports and exports for each industry.
The rest of the paper proceeds as follows. Section 2 describes the state of manufacturing in Africa and Ghana, and the literature on agglomeration economies and their measurement. Section 3 discusses the firm census data, as well as the other sources of data, that we use. Section 4 provides a description of the changes in Ghanaian manufacturing, whilst in section 5 we examine the effects of agglomeration and other factors on employment growth. Section 6 concludes.
Literature Review

The state of African manufacturing
The overall performance of Manufacturing in sub-Saharan Africa has not been good. The share of manufacturing in GDP for the continent as a whole has declined slightly over the last 30 years from around 11% in 1985 to 10% in 2010 (World Bank, 2018 .
Several explanations have been put forward for the poor performance of African manufacturing. These include the lack of access to finance and the resultant lower levels of investment, high input and trade logistics costs (Dihn et al 2012) and more generally a business environment and investment climate that is not conducive to enterprise performance (Bigsten and Soderbom, 2006, Aterido and Hallward-Driemeier, 2012 ).
This poor performance means that African economies have not managed to shift resources and people away from agriculture and towards manufacturing. Instead, Rodrik (2016) characterizes many countries, including most of sub-Saharan Africa, as having experienced premature deindustrialization. This is a phenomenon in which the peak of the share of manufacturing in total GDP reaches its maximum at much lower levels of GDP than was the case for countries that industrialized earlier, both advanced economies and most South East Asian economies.
It is also important to be aware of what is meant by manufacturing employment in the African context. Policy makers are looking to grow access to relatively high paying wage jobs. But the vast majority of employment in manufacturing in most African economies is in own account work. This pays on average much less than wage employment or self-employment when the own employs others (Falco et al 2011) .
Manufacturing in Ghana
The state of Ghanaian manufacturing is similar to the sub-Saharan picture presented above. Whilst GDP growth between 2003 and 2012 was 7.5% per annum, the growth in manufacturing GDP was around 3.3%. These trends meant that manufacturing's share of total GDP declined from 9.8% in 1990 to around 6.9% in 2012 (Davies and Kerr, 2018) .
Ghana has several sources of manufacturing firm-level data, which have led to a substantive body of research using firm-level data. Firm-level analysis using Ghanaian data has been made possible by the publicly available RPED firm panel surveys conducted by the World Bank and the Centre for the Study of African Economies at the University of Oxford between 1991 and 2002. More recently a Project for Enterprise Development in Low Income Countries (PEDL) funded project has resulted in the 1987 and 2003 firm censuses being put into the public domain, whilst the authors are working on a follow-up PEDL-funded project to put the 2014 firm census into the public domain and document the differences and similarities between the 1987, 2003 and 2014 censuses, as well as the 1962 census for which microdata does not exist. We discuss this further in section 3.
The paper closest to ours is Lall et al (2009) , who investigate the effects of infrastructure, human capital, existing agglomeration and other factors on the location decisions and productivity of Ghanaian manufacturing firms, using the 1987 and 2003 industrial censuses and changes across regions between the two censuses. Lall et al (2009) find that there was a pattern of de-concentration of manufacturing away from the dominant districts (Accra and Ashanti, which contains the 2 nd largest city Kumasi) between 1987 and 2003. In doing so the authors take the firm censuses at face value. We discuss below that these censuses were actually not comparable in a number of important ways. The main concern about the results from the Lall et al (2009) paper is that the de-concentration finding is simply due to better coverage of rural areas in the 2003 census than in the 1987 census, a fact documented by Kerr and McDougall (2019) . There are also comparability issues between the 2003 and 2014 firm censuses that we use in this paper. We document these below and also describe how we address them. The sources of firm-level data mentioned above have also been used to answer several other questions about manufacturing in Ghana. These include the relationship between productivity and firm exit (Frazer 2005) , the effects of credit constraints (Bigsten and Soderbom 2006) and the contributions of growth and selection to the evolution of the firm size distribution in Ghana (Sandefur 2010, Davies and Kerr, 2018) . A recent paper by Cirera et al (2017) uses the 2003 Ghana firm census (as well as census data from three other African countries) and the method of Hsieh and Klenow (2009) to estimate the cost of misallocation of resources, finding that improved allocation of resources to more productive firms would raise total productivity by around 75% in Ghanaian manufacturing. There has been little work in Ghana, or for African economies more broadly, examining the role of agglomeration economies. We review this small literature after introducing the key ideas in the agglomeration economies literature in the next section.
Agglomeration and Economic Geography
Urbanization has traditionally been associated with agglomeration, the benefits of firms locating near other firms and workers. Agglomeration is an idea with a long history in economics, dating back to the work of Adam Smith and then Alfred Marshall (Duranton, 2016) . Duranton and Puga (2004) classify agglomeration effects as either sharing, matching and learning effects. Combes and Gobillion (2015) emphasize that which of these three channels is driving any agglomeration effects is almost never investigated in the agglomeration literature, but the overall effect can be, both because this is what is important for policy makers and because it is very difficult to separate out which channel is actually driving agglomeration economies. Despite this limitation it is possible to make some progress in unpacking the role of agglomeration economies. Combes and Gobillion (2015) distinguish between urbanization economies and localization economies when estimating the benefits of agglomeration. Urbanization economies are the positive externalities from firms locating in a particular area, irrespective of the industry the firm is in, for example due to the density of firms or individuals or the level of general human capital in an area. Localization economies are the externalities arising from the characteristics within a location of a specific industry, such as the level of competition of the firms in an industry in a specific location or the degree to which a location's employment is concentrated in a particular industry.
Empirical analysis examining the role of agglomeration economies began with Glaeser et al (1992) , who examined the impact of several localization and urbanization economies on city employment growth in the US. The authors found that sectoral diversity mattered for employment growth in US cities, where diversity was measured as the sectoral concentration of employment, excluding the sector for which the value is being created. Duranton and Puga (2001) formalized the idea that diversified cities would generate innovation and growth. Positive effects of diversity imply that urbanization economies are important in explaining employment growth. In contrast, Henderson et al (1995) also using data on US cities, found that specialization mattered for economic growth, where specialization is measured as the share of employment in each sector relative to its share at the national level. Since specialization is a localization economy, ie it is not a characteristic of a specific sector, this meant that localization economies were found to be more important by Henderson et al (1995) . Combes (2000) investigated a number of possible localization and urbanization economies in French "zones d'emploi", including diversity and specialization discussed in the previous paragraph, in an attempt to examine the relative importance of urbanization and localization economies. The other variables he used to test for urbanization and localization agglomeration economies were competition, average firm size and employment density. Competition is the extent of within-sector competition, measured by the Herfindahl index of the shares of employment of firms in the same industry and locality, which is a localization economy. Combes (2000) also used average firm size as a measure of within-firm scale economies. He argues that if scale economies are external to firms then only city size should matter and not the average size of plants in the industry-district. The final agglomeration economy examined in this paper is the most obvious and most widely used test of urbanization economies -the effect of employment density in the locality. We include all these measures in our empirical analysis of agglomeration economies in Ghana.
Testing for Agglomeration Economies
The possibility of agglomeration economies is most often tested for by examining the effect of agglomeration on productivity, either by using firm-level data, such as value added per worker or average earnings in the firm, or individual level data, usually earnings. But the effects of agglomeration on employment growth are often studied, and this is what we undertake below, following a substantial literature reviewed in Combes and Gobillion (2015) .
The Modifiable Area Unit Problem
Whilst the literature testing for agglomeration economies initially used data from cities, with Glaeser et al (1992) being the path-breaking contribution, there is also a substantial literature examining possible agglomeration economies for entire countries or several countries together (Combes and Gobillion, 2015) , although the trend has generally been towards smaller spatial units or using individual firm or worker data. In this paper we use 110 districts, corresponding to administrative boundaries, covering the entirety of Ghana. Using data aggregated from firms for areas rather than firms themselves implies the possibility of what is called the Modifiable Area Unit Problem (MAUP). This refers to the negative influences that the use of discrete spatial boundaries can have on the conclusions drawn from empirical analysis. Auvray & Agha (2018) discuss the MAUP and consider two effects: the zoning effect and the scale effect. The zoning effect is that the particularities of a border are arbitrary and can spuriously influence growth measures in specific locations. Auvray & Agha (2018) used simulations to show that the division of one total area into x number of subareas of equal size can lead to substantially different results for measuring spatial concentration depending on the shapes of the areas.
The second MAUP effect is the scale effect. Auvray & Agha (2018:7) note that for a given area, empirical results are affected by the level of geographic aggregation. Briant et al (2010) notes that MAUP is more of a concern in testing for agglomeration economies when the size of the geographical areas is large. Briant et al (2010: 291) describe the Zones de Emploi regions in France "fairly small", with an average size of around 1500 square kilometers and find that the MAUP is less of a concern when dealing with smaller areas. The average size of the Ghanaian districts we use in this paper is around 50% larger than the French regions and thus the MAUP may not be too much of a concern. Briant et al (2010) also note that the MAUP is less of concern when the independent and dependent variables are aggregated in the same way, as is done in our empirical analysis below. The districts we use are also of a similar size to the areas used in much of the research in this literature, so the general conclusion is the MAUP may not be a serious concern. We discuss the size of the districts used further in our description of the data we use below.
Agglomeration in African economies
Ghana, along with the rest of the African continent, has urbanized very rapidly. 9% of the Ghanaian population lived in urban areas in 1931 (Songsore, n.d.) and this increased to 51% by the time of the 2010 population census. The World Bank estimates that the urban population of Ghana increased by 3.5 times between 1984 and 2014 (World Bank, 2015 . It is thus expected that the benefits of agglomeration would be evident in Ghana and other African economies that are rapidly urbanizing, as they have been evident in the recent experiences of many Asian economies (eg Au and Henderson (2006) on Chinese cities). East Asian economies have shifted from a primarily agricultural base to a manufacturing-based economy and then to a services-based economy, ie they have undergone structural transformation. However, a number of studies have demonstrated that there has been no structural transformation in African economies (McMillan and Rodrik, 2011) , despite levels of urbanization similar to those in Asia. This has been argued to be because of low levels of agricultural and manufacturing productivity (Jedwab, 2013) . Increasing urbanization without industrialization suggests that urbanization has not been accompanied by a growth in productivity generated by agglomeration across the continent. Jedwab (2013) argues that urbanization in Ghana and Ivory Coast has been driven by the formation of consumption cities, cities that have evolved due to the production of resource export commodities (cocoa in the two countries he studied). In Jedwab's stylized model resource exports generate a surplus which is spent on urban goods and services, drawing people into cities and creating urbanization without either an increase in agricultural yields from a green revolution or increased productivity in manufacturing. This is thus a model in which urbanization does not lead to agglomeration economies, although the absence of agglomeration economies is not tested directly. Collier et al (2018) test for agglomeration economies in cities using a firm-level dataset constructed from the World Bank Enterprise Surveys from 111 cities in 51 low-and middle-income countries. They do this by testing whether city size and population density affect productivity, wages, firm size and city employment. City size and density, proxies for agglomeration economies, are found to increase productivity, wages, firm size and employment, but these benefits are not as great in African cities as they are for cities in Latin America and Asia. This is some evidence that African cities are not generating agglomeration economies as they grow rapidly.
As far as we are aware there are no other studies examining both urbanization and localization economies in African economies. Duranton (2016) examines urbanization economies in Colombia but notes that examining localization economies in developing countries is hard since much employment is informal and often not measured, which is why his paper only examines urbanization economies. Collier et al (2018) note that whilst a strength of their study is the range of countries, the study uses the World Bank Enterprises Surveys (WBES), which are limited to formal sector firms with more than 4 employees.
The Ghanaian firm censuses we use in this paper covered all non-household-based firms with a permanent location, as well as household-based firms with a sign advertising the firm, whether formal or informal. Since the informal sector is such a large part of the economy in Ghana and almost all African economies our data are arguably a more useful source of data to test for agglomeration economies than the data of Collier et al (2018) , which covered the formal sector only. The coverage of formal and informal firms means that we can examine both urbanization economies and also localization, which Duranton (2016) notes is usually impossible because of the lack of detailed sectoral information due to coverage being limited to formal sector firms only.
Despite the collection of data from firms of all sizes we limit our study to firms with 5 or more persons engaged because of comparability issues across the two firm censuses that we use (see Kerr and McDougall (2019) for more detail). Since informal firms are included the data we use still covers a much larger fraction of employment than the WBES. Of the firms and workers surveyed in the 2003 NIC firm data that we use, only around 14% of firms employing 52% of total workers would have been eligible for the WBES, by reporting being registered with the Registrar General's department.
Data used in the Study
Ghanaian Firm Census Data
This study uses data from two firm censuses undertaken by the Ghana Statistical Service (GSS) to create a district-industry panel to estimate agglomeration economies in Ghanaian manufacturing. The two censuses used are the National Industrial Census (NIC) of 2003 and the Integrated Business Establishment Survey (IBES) of 2014. Both were collected at the plant level 3 and include data collected on economic activity, employment and location in phase 1. As discussed above, the censuses covered all non-household-based firms with a fixed location, and firms located in houses if these had a sign indicating the presence of a firm, whether formal or informal.
For the analysis below, we create a panel of district-industries using the 110 districts in Ghana in 2003 and 13 sub-sectors within manufacturing. Average district size is 2200km 2 whilst median size is 1350 km 2 . The standard deviation is roughly 2500, ie there is substantial variation in sizes of districts. The means are equivalent to circles with radii of 27 and 21km respectively. This makes the district mean 50% larger than the mean area of the "zones d'emploi" used in Combes (2000) and 100% larger than the mean of the Colombian municipalities used by Duranton (2016) , although the mean is 50% smaller than the mean of the Indian districts used in Lall et al (2004) .
Both firm censuses subsequently collected much more detailed production data from a nationally representative sample of the firms identified in each census (this sample was called phase two). This production data could be used to explore possible productivity effects of agglomeration but unfortunately is not representative at the district level, as the phase 2 sample was stratified across the 10 regions, sectors and several firm-size categories only, but not districts. Since we thus do not have a reliable district-level measure of productivity, we instead study possible effects of agglomeration on employment growth. Because the age of the firm was also asked in phase 1 of the censuses we can also examine the extent to which the location decisions of new firms are influenced by agglomeration forces.
Adjustments and improvements to the firm census data were undertaken for this paper. The NIC and IBES were collected using different industry classification codes, and some districts were split between the censuses. Thus, harmonization of the industrial classifications and districts was required. To harmonize the districts, we matched the IBES districts to the list of districts previously used in the 2003 NIC. This required combining (aggregating) those 2014 districts that had been created by the splitting up of any 2003 districts into a number of smaller (disaggregated) parts. In order to harmonize industry codes, we ensured that both NIC and IBES were matched to ISIC (revision 4) 4-digit activity codes.
In separate research we have undertaken on the comparability of the Ghana manufacturing firm census data, we have found that there are a number of comparability issues between the 2003 and 8 2014 censuses that would, without addressing them, make it impossible to estimate employment growth in Ghana over this period (Kerr and McDougall, 2019) . The main issues we identified are differences in coverage of rural and urban areas, differences in the enumeration of associations and differences in coverage of the smallest firms.
In Kerr and McDougall (2019) we showed that the 2014 IBES enumerated a total number of own account workers that was around 5% of own account workers enumerated in the 2010 population census. The number is "only" 5% because the smallest firms did not qualify for the firm census (which excluded household-based firms unless there was a sign indicating the presence of a firm in the household dwelling). But this same percentage was only 0.5% in the 2003 NIC. This means that the 2014 IBES covered a dramatically higher fraction of own account workers than 2003. The fraction of small firms covered also increased (Kerr and McDougall, 2019) . To ameliorate this issue, we limit our main analysis to firms with 5 or more persons engaged. Persons engaged includes working proprietors, employees, unpaid family workers and apprentices, as a large fraction of Ghanaians working in manufacturing are not employees in the sense that the word is used in developed countries.
The 2014 census covered rural areas much better than the 2003 census (Kerr and McDougall, 2019) . The 2003 NIC survey documentation notes that in rural areas only firms on the initial list of firms obtained prior to the census (likely obtained from tax records or the 1987 census) were enumerated, although enquiries were made of other firms in the vicinity. It is thus likely that rural areas would experience higher "employment" growth between 2003 and 2014, simply because coverage of rural firms was better in 2014. We ameliorate this issue in two ways. Firstly, we limit our analysis to firms with 5 or more persons engaged, as discussed above, since we think that the enumeration of larger firms was more comparable between 2003 and 2014 in both urban and rural areas. Secondly, in our regression analysis of the determinants of employment growth we include a control for the proportion of firms in each district in 2003 in rural areas.
Both NIC and IBES lacked information that could be used to classify firm locations as urban or rural. This classification is useful for discussions about economic development, as discussed above; it was therefore necessary to obtain a measure of whether a firm was based in an urban or rural area. This information is not typically obtained in a firm census or survey, despite being common in household surveys and population censuses. The solution undertaken in Kerr and McDougall (2019) was to use an urban/rural classification at the enumerator area level from the Ghanaian 2010 population census, data given to us by the Ghana Statistical Service. We then matched enumerator areas in this data to the firms in NIC/IBES based on the detailed location data collected in the firm censuses, which we have access to, such as the region, district, town and suburb. In this way firms were given a geotype depending on their location. The matching process resulted in the successful matching and classification of 94% of firms in NIC and 98.5% of firms in IBES as either urban or rural. 4 We use this variable in our analysis below.
Other sources of data
We also use two other sources of data which we merge into the industry-district panel created from the firm censuses. The first is administrative data on imports and exports in each of the 13 industries. This is obtained from the Atlas for Economic Complexity.
5 The Atlas data were collected using 6-digit HS product codes (1992 revision The second source of data is the population census data. The 2000 population census data (undertaken 3 years before the 2003 NIC) was obtained from IPUMS, which gives a number of other characteristics of each district, including measures of the overall size of the potential market locally (proxied by the total number of individuals in wage and self-employment in each district) and measures of human capital in each district. The data also includes the size of each district, which we use to compute employment density, an urbanization economy that may contribute to local employment growth. We can also use the IPUMS population census data to obtain spatial information on the distance of the centroid of each district from both Kumasi and Accra, which we believe are reasonable measures of transport costs to large markets and (for Accra) export markets. This data is created using the GIS information contained in the IPUMS release of the 2000 population census.
We also have district-level population census data for 1984 and 1970. These are based on the census microdata but are not publicly available. They were obtained from Lasse Møller-Jensen at the University of Copenhagen and were used in Møller-Jensen and Knudsen (2008).
Descriptive Analysis
Before investigating the determinants of local growth in Ghana we describe employment growth in Ghana, the distribution of the localization and urbanization measures that we use in our growth regression analysis and the population and trade data.
Ghanaian firm census data
Firm level data Table 1 shows the employment and firm numbers and shares of each of the 10 regions in Ghana in the 2003 and 2013 censuses. Greater Accra and Ashanti, which contains the second city of Kumasi, dominated manufacturing employment in 2003, accounting for 58%. The 2000 population census indicates that these two regions had a population share of only 34%, so that employment is heavily concentrated in these two regions, relative to their population shares. By 2014 Greater Accra had increased its share of total employment to 43%, whilst Kumasi's share shrank by one third. The shares of total employment in the five northern/central/eastern regions increased whilst southern regions' shares generally declined, other than Greater Accra. These patterns are broadly repeated when looking at the firm numbers and shares of firms. Kumasi's share of firms again declined whilst the smaller regions increased. Greater Accra's share stayed constant, suggesting that Greater Accra had a much larger average firm size.
The increasing concentration of employment in the firm censuses in greater Accra shown in Table 1 is important, since agglomeration economies may be a part of the explanation for this pattern. This is not the pattern shown in Lall et al (2009) , who used the 1987 and 2003 censuses to show deconcentration away from Accra and Kumasi. Above we noted that the deconcentration result is likely to be due to comparability issues in these two firm censuses, which we have discussed in Kerr and McDougall (2019) . We think the 2003 and 2014 firm censuses are more comparable, and in this period, there was increasing concentration in Accra, and this was large enough to offset a small decline in the proportion in Kumasi, resulting in an increasing share of manufacturing employment in the two most urban areas in Ghana. Table 2 shows employment and firm numbers and shares in 2003 and 2013 for each of the 13 manufacturing industries used in the empirical analysis. Food, wearing apparel, wood and furniture manufacturing were the only industries with more than a 10% share of total employment in 2003. In 2013 the shares of wood and furniture making fell by 50% and 66% respectively. This reflects a general decline in these industries. Table 3 shows the share of total manufacturing employment in Greater Accra in each manufacturing sub-industry for 2003 and 2014. In 2003 the share was higher than 40% in 7 out of 13 industries, despite Greater Accra's population share in 2000 being only 15%. In 2003 the industries in which Greater Accra did not have the largest share of employment were textiles, leather, furniture making and wood products. In wood and paper products Ashanti and Western region account for 80% of employment whilst they accounted for of 40% of employment in furniture making. It is of interest that these two industries were the only ones in which there was a decline in total employment between 2003 and 2014. In textiles Volta and Eastern region accounted for 40% of employment, whilst in leather Eastern region accounted for 72% of total employment. This suggests that whilst employment is concentrated in Greater Accra in many industries, this is not true in some industries, particularly the largest in 2003, wearing apparel and wood products.
In 2014 the share of total employment in Greater Accra was greater than 40% in 8 of 13 industries and increased in 11 of the 13 industries. The share decreased only in beverages and wearing apparel. The only industries in which Greater Accra did not have the largest share were again textiles, leather, wood, and not in wearing apparel, where Kumasi had the largest share. The region with the largest share of employment in furniture making became Greater Accra in 2014. This analysis suggests that the general trend was towards an increasing share of total manufacturing employment in Greater Accra, the most urbanized and most densely populated region in Ghana. The regression analysis below sheds further light on the processes that have contributed to this trend.
Industry-district panel data
The above descriptive analysis used the firm level data on regions and manufacturing subsectors to provide a broad overview of the changes in manufacturing in Ghana between 2003 and 2014. In this section we provide some descriptive statistics at the district and subsector level, since this is the unit of analysis in the regression work below. Emp growth= emp t-emp t-1 )/(( emp t +emp t-1 )/2). This is one way of avoiding very large growth rates having a disproportionate effect, but still making the resulting growth rates easily interpretable, which is not so easy when using the dependent variable used in the regressions. The growth rates calculated in this manner are bounded by -2 and 2. The median for all industry-districts is 0.4, whilst the minimum is -1.83 and the maximum is 1.96. Table 4 shows that growth rates generally vary substantially within each industry across districts, even in industries that were shown in Table 2 above to have either grown or shrunk substantially. The two sectors shown to have shrunk-wood and furniture making, have median growth rates of 0 and -0.56 respectively. The median district growth rate is also negative for Electrical and leather manufacturing industries.
Determinants of Employment Growth in Ghana
Key local determinants of employment
In our analysis below, we explore the extent of agglomeration economies on employment growth in Ghana, following Glaeser (1992) and Combes (2000) , amongst many others. The previous section suggested some important trends in Ghanaian manufacturing-especially the growing dominance of Greater Accra and the decline in particularly wood and furniture, which were two industries not concentrated in Accra. We seek to explain these patterns through the lens of agglomeration economies. We test for localization and urbanization economies using several measures. These are specialization, competition (localization economies) and population density, average plant size and diversity (urbanization economies).
We also add in human capital in the district-industry in the 2003 NIC, using the proportion of skilled workers in each industry-district to test for human capital externalities. We use distance from Accra and Kumasi as a proxy for transport costs to larger markets, and, in the case of Accra, to export markets. We use the level of imports in the industry to control for external competition, which is assumed to affect all industries equally, after controlling for transport costs proxied by distance.
Combes (2000) argued that employment growth as well competition, diversity, average size and specialization within zones d'emploi -industries should all be normalized using the level for the country as a whole in each industry, which he terms normalization, and which allows comparison across sectors. This was undertaken in the original Glaeser et al (1992) paper for some but not all variables, which Combes (2000) remedied. We now describe each of the urbanization and localization economies variables and their normalizations.
In examining the determinants of employment growth, we use a normalized measure of employment growth in an industry-district between the 2003 and 2014 firm censuses as our dependent variable, following Combes (2000) ,
Where d is the district and i is the industry. As Combes (2000) notes, the normalization is done because the aim is to explain why employment growth in an industry in a particular district is higher than the national growth rate in that industry, and not to explain growth in that district-industry.
The obvious measure of the extent of agglomeration economies is the extent to which employment density impacts employment growth. In our analysis employment density is the density of total employment (actually persons engaged-which includes those recorded in the firm census as working proprietors, unpaid workers or apprentices) in each district, , where empd is total persons engaged across all industries in the district and the area of each district is obtained from the IPUMS 2000 population census data.
Similar normalizations to that undertaken for the dependent variable are undertaken for the key independent variables. Diversity is the sectoral concentration of employment, excluding the sector for which the value is being created, in each industry-district. If diversity is an important determinant of employment growth in a sector-industry this is an example of the importance of urbanization economies. The basis of this measure is the inverse of a Herfindahl index of across industry concentration in each district, excluding the district for which the measure is created (Combes, 2000) , again normalized,
where I is the total number of industries (in our analysis this is 13).
Specialization is the extent to which a particular industry in a district has a higher share of total employment in that district, relative to that industry's share of total employment in the entire country,
, , / /
Competition is the extent to which production in a particular industry-district is concentrated in only a few firms, again relative to the situation in that industry for the whole country. It is measured using a version of a Herfindahl index, normalized again,
where empi,d,j and empi,j are the employment of firm j in industry i located in district d and the whole of Ghana respectively.
To measure the extent of within-firm scale economies we use the average firm size in an industrydistrict, again following Combes (2000) and normalizing using the average firm size in that industry for the whole country,
Variables used in regression analysis Table 5 provides a brief descriptive summary of the dependent and all the independent variables used in the regression analysis below. It should be noted that in the regressions the logs of almost all variables are used, but levels are included here to aid interpretation. All independent variables are for 2003 and the dependent variable is the growth in employment in a district-industry between 2003 and 2014.
The first set of independent variables are the two urbanization economies we can examine, employment density and diversity. The next set are the localization economies specialization, firm size and competition. We also include the proportion of skilled workers in an industry district to examine the possibility of human capital externalities. Combes and Gobillion (2015) note that the human capital externalities literature does not often also control for local economic structure but with the data we have we are able to control for both.
Other controls include the distance to Accra and Kumasi, as measures of transport costs for exporting and to large markets. We also include the proportion of firms in rural areas within the district, as 2014 is likely to have covered rural areas better. To take account of the overall state of each industry we control for the log of exports and imports in each industry.
A general conclusion from Table 5 is that there is substantial variation in most of the independent variables. All the independent variables measuring agglomeration have standard deviations larger than the means. The average number of persons employed per square kilometer is 100 the standard deviation is 3 times the mean and there are also large variations in the literacy rates and proportions of the adult population that are literate. In the next section we examine the effects of these independent variables in 2003 on employment growth between 2003 and 2014.
Determinants of Employment growth
Our regression has as a dependent variable the change in employment between 2003 and 2014 in an industry-district, whilst the independent variables are the 2003 characteristics of an industry-district. We seek to explain the growth in employment by the characteristics of industry-districts in 2003:
, ,
Skilled is the proportion of skilled workers in the firms in each industry-district, ie this is a test of human capital externalities. Dist is a vector of the two distance variables-distance to Accra and distance to Kumasi. We used the inverse hyperbolic sin function since distance is then zero for industries in Accra and Kumasi and so a log transformation is not possible. W is a vector which contains the level of exports and imports in each industry. Table 6 shows the OLS regression results. In column 1 we control only for population density, one of the standard ways of testing for agglomeration economies. The effect is small, negative but not statistically significant. In the other columns we gradually add in further regressors. Looking across the other regressions as we add in further independent variables the coefficients on population density are positive, small (between 0.02 and 0.04) but never statistically significant. As a comparison Collier et al (2018) used average wages as their dependent variable and firm-level data for developing countries, finding an elasticity with respect to density of between 0.06 and 0.08 across 51 countries. When we experimented with employment density from either the population or firm census we obtain very similar results-coefficients are small and not statistically significant.
One response to these results is that the regressions should mechanically imply and find that density leads to employment growth. The argument is that with large scale migration to Accra and other more urban districts with higher density there is mechanically going to be more employment growth in those areas, and thus it is surprising that our results do not find this. But in limiting our analysis to firms with 5 or more persons engaged in the firm censuses we believe we mitigate this concern. In using the firm census data we are asking whether increased density resulted in employment growth outside the smallest firms. This means that we are asking whether increased density resulted in job growth in larger firms, the kinds of firms that would be growing and creating employment if there were benefits from agglomeration.
The other reason for including firms with 5 or more persons engaged is that jobs in these firms are the kinds of jobs policy makers would be wanting to generate-they pay more and are more stable than own account work or employment in a very small firm. We have not used the enterprise surveys because in surveying only formal firms they exclude the vast majority of employment in Ghana. Our cutoff of 5 persons engaged means, for example, that the 2014 firm census captured 63% of the employees who reported being employed in the population census around the same time.
The second urbanization economy we can investigate is the impact of industrial diversity in a location. We cannot reject the hypothesis that there is no effect of diversity on district-industry employment growth across all specifications. Combes and Gobillion's (2015) summary of the effects of diversity is that there is no robust effect on employment growth, so our finding is perhaps not surprising, despite the headline findings of the importance of diversity, beginning with Henderson et al (1995) .
Besides the general characteristics of an area, the characteristics of particular industries within an area have also been found to be important determinants of growth and productivity in the agglomeration literature. Table 6 shows the effects of specialization, competition and average firm size in an industry-district on employment growth. The main results across the regressions are that these characteristics all have large, statistically significant and negative effects on employment growth in an industry district normalized by that industry's growth rate.
The negative impact of specialization is counter-intuitive. Combes (2000: 341) found a similar result for France and noted that "explanations of the negative effect of specialization can hardly be found in the agglomeration forces presented above." Combes and Gobillion (2015) summarize the literature estimating the effects of specialization on productivity (rather than employment growth) as finding positive effects of specialization but note that for employment negative effects have been found. This result is thus surprising but not unusual.
Competition is also estimated to have a negative effect on employment growth across all regressions, but this result is less surprising. Combes and Gobillion (2015) note that more competition can have negative effects if it lowers the prices of the products sold by firms, which is a dispersive force and leads firms to locate away from areas of higher competition. The negative, large and statistically significant effect of average firm size shown in Table 6 indicates that industrydistricts with smaller average firm size grew faster. This result was also found by Glaeser et al (1992) and Combes (2000) . Combes (2000) interprets this as the absence of internal economies of scale, though he is cautious about this conclusion since he did not estimate a production function. Glaeser et al (2010) interpret this as part of the benefits of entrepreneurship since smaller firms are assumed to be newer and more entrepreneurial.
The final agglomeration force we can examine is the extent of human capital externalities. Human capital in our analysis is measured by the proportion of skilled production workers in each industrydistrict. Across all regressions there does not seem to be any evidence of human capital externalities.
Endogeneity Concerns
The initial papers using the growth regressions undertaken above (Glaeser et al, 1992 , Henderson et al 1995 and Combes, 2000 did not address possible endogeneity issues. It is likely that in a cross section there are unobserved factors correlated with 2003 characteristics and employment or that there is a problem with reverse causality (Combes and Gobillion, 2015) . For example local amenities, such as transport infrastructure, that we have not controlled for might attract firms and increase employment, but also lead to increased density. Using employment growth rather than its level, as the dependent variable, which has been undertaken in this paper, partly mitigates these concerns as it is more plausible to think that amenities are not correlated both with density and growth in employment than that they are not correlated with both density and the level of employment.
But we do acknowledge that there are endogeneity concerns. The concern that has been addressed in the literature is instrumenting current population density with historical values (Combes and Gobillion 2015, Collier et al 2018) . We have obtained district population totals from the 1970 census (Møller-Jensen and Knudsen, 2008) . Table 7 shows the IV regressions when we instrument population density for 2000 using the 1970 values. The instrument is always very strong, but the estimated coefficients are, like in OLS, fairly small and never statistically significant. It would be better to use population values from further back in time, but we currently do not have access to such data by district in Ghana.
Other endogeneity concerns have been addressed in other papers using system GMM or firm-level panel data. System GMM requires at least 3 time periods. We could use the 1987 firm census data, but we have concerns about the coverage of firms in the more rural districts because it is clear from the data that the coverage of firms in rural areas was limited (Kerr and McDougall, 2019) .
Conclusion
In most African economies manufacturing output and employment is growing, but the rate of growth is slower than that of other sectors, resulting in declining shares of GDP, and what Rodrik (2016) has called premature industrialization. A number of possible explanations for this situation have been put forward including a lack of a business and investment climate suited to firm growth and a lack of access to credit, as well as more recent explanations such as first mover advantages, the increasing sophistication of manufacturing and the extent of global value chains in which buyers have substantial market power.
Agglomeration has been shown to be a source of growth in many developed and developing countries but there is some evidence that agglomeration economies are weaker in African economies than they are in other parts of the world (Collier et al, 2018) .
In this paper we have investigated the impact of various agglomerative forces that have been identified in the literature, using data from two Ghanaian firm censuses. The study is, to our knowledge, the first to use nationally representative firm data including both the formal and informal sectors to investigate the impact of agglomerative forces on employment growth in an African economy. We followed Combes (2000) in examining the importance of both urbanization and localization economies, which was possible with the Ghanaian firm census data we have made use of.
We have shown that Accra, the largest district and the most densely populated in Ghana, has increased its share of manufacturing employment. This would suggest that agglomeration economies are present and contributing to employment and productivity growth. But our main finding is that there is no evidence that density plays a role in generating employment growth in Ghana. Other urbanization and localization economies, including specialization and diversity, do seem to play a role but not always in the manner that was expected.
African policy makers see many possible benefits resulting from the current increase in urbanization, but our results do not suggest that this has been a major driver of employment growth in Ghana. Further empirical analysis using data from other African economies could be conducted to determine whether our finding of a lack of evidence that population density, the most commonly tested agglomeration economy, plays a role in generating employment growth. 
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